Difficulty in tracheal intubation in paediatric intensive care patients is associated with increased morbidity and mortality. Delays to intubation and interruption to oxygenation and ventilation are poorly tolerated. We developed a safe and atraumatic tracheal intubation technique. A floppy-tipped guidewire and airway exchange catheter were placed to a pre-determined length under bronchoscopic guidance while oxygenation and ventilation was maintained via a supraglottic airway device (SAD). We performed a retrospective review of this technique on patients who were either known to have or who had an unexpected difficultly in intubation. We describe the safety and experience of this in a broad range of critically ill children. .7]) months) underwent emergency tracheal intubation using this technique, after unsuccessful attempts at intubation using standard laryngoscopy blades. All intubations were successful at the first attempt using this technique and no airway trauma or significant clinical deteriorations were recorded.
Introduction
Difficult tracheal intubation in paediatric patients is relatively common in the critical care environment, with the incidence having been estimated at 9%. Risk factors include younger age and a history of difficulty with intubation [1] , which is associated with increased morbidity and mortality [2] . Tracheal intubation using a fibreoptic bronchoscope, Laryngeal Mask Airway â^a nd Cook Airway Exchange Catheter â (AEC, Cook
Medical, Bloomington, IN, USA) have all been described in paediatric patients with difficult airways [3] . Use of a rigid AEC poses a risk of tissue damage and pneumothorax [4, 5] . The requirement for a reliable, safe and atraumatic intubation technique with minimal interruption to ventilation and oxygenation in children whose trachea were difficult to intubate led our team (consisting of paediatric intensive care [PICU] and anaesthetic consultsants) to develop â LMA is a registered trade mark of The Laryngeal Mask Company Ltd, an affiliate of Teleflex Incorporated.
standardised-length floppy-tip wire intubation technique via a supraglottic airway device (SAD), using fibreoptic flexible bronchoscopy. The Bentson Wire Guide â (TSFB-18-180 Cook Medical, Bloomington, IN, USA) floppy-tip wire is a wire with floppy distal 6 cm marketed for cerebrovascular interventional techniques. It has sufficient rigidity to be advanced and controlled, with the distal end being soft and flexible. By predetermining the length of insertion of the AEC according to the size of the patient, risk of airway damage is minimised. This standardised technique was introduced in 2012 within our PICU and anaesthetic departments following previous personal experiences of similar approaches, and has been previously described [4] . In brief, all patients receive general anaesthesia including neuromuscular blockade. An appropriately-sized supraglottic airway (most commonly a gridless silicone Single Use Visionary Laryngeal Airway Device â ; Marshall Airway Products, Bath, UK) is inserted and the fibreoptic bronchoscope (BXP260F, Olympus, Southend, UK) advanced through a Mainz Universal Adapter â (Mainz, Rhein, Germany) [6] through the larynx to the carina. The 180-cm/0.018-inch Benston Wire Guide is inserted through the suction channel of the bronchoscope and the tip advanced into the proximal right main bronchus. After removal of the bronchoscope, the AEC (William Cook Europe, Bjaeverskov, Denmark) is advanced through the SAD over the guidewire to the pre-determined length, according to the weight of the child. The guidewire and then SAD are removed, keeping the AEC in place. An appropriately-sized tracheal tube is placed over the AEC and advanced to the correct length in the trachea (Fig. 1) , the insertion length standardised according to the patient weight ( Table 1) . The bronchoscope may then be inserted via the tracheal tube (size permitting) to confirm its position. Table 1 ). After this, the Bentson Guidewire is removed, then SAD removed. Tracheal tube placed over AEC and advanced to desired length.
The purpose of this report is to present the safety, efficacy and experience of using this technique.
Methods
A retrospective analysis of case notes was approved as a service evaluation by the Guy's and St Thomas' NHS Trust Hospitals Clinical Governance department. The requirement for written informed consent was waived. We anonymised all data that we collected. All bronchoscopy procedures are recorded on a bespoke electronic database used for recording and reporting procedures. Video recordings of the bronchoscopy and reports are stored in the patient's electronic medical records. For the purposes of this study, baseline characteristics, diagnoses and details of bronchoscopy findings were extracted from the database anaesthetic and casenote records.
Patients (< 16 years, between 2005 and 2016) were identified from PICU and bronchoscopy databases. The search terms 'intubation' or 'known difficult airway' or 'unexpected difficult airway' or 'guidewire' or 'Seldinger' were used, and data extracted where an SAD and guidewire had been used to facilitate intubation. Cases were excluded where bronchoscopy was performed for an indication other than difficult intubation.
The primary outcome measure was the ability to secure tracheal intubation and the number of attempts required to do so. Secondary outcome measures were the complications encountered following intubation including laryngeal trauma, pneumothorax, air leak and bleeding; and the incidence of adverse clinical incidences during the procedure including: hypoxaemia (reduction in baseline oxygen saturations by 20% or greater); bradycardia (fall from baseline heart rate by 20% or greater); and requirement for cardiopulmonary resuscitation (CPR) during the procedure.
Data were analysed using Stata 14 (StataCorp, Texas, TX, USA).
Results
Between 2005 and 2016, 2034 bronchoscopies were performed (58% PICU, 22% operating theatre/anaesthetic room), of which 13 patients required emergency intubation. Bronchoscopy was carried out by experienced bronchoscopists (> 500 previous bronchoscopies performed by each) and each adhered to the local protocol described above and by us previously [7] .
The indication for 12 intubations were previous failed intubation with standard laryngoscopy blades of which 12 (92%) had a Cormack-Lehane grade-3 or -4 laryngeal view [8] . One patient with a grade-1 laryngeal view required this technique as the patient had a biodegradable tracheal stent, and blind intubation would have risked stent dislodgement. Table 2 . All procedures were successful at the first attempt using this technique. Two patients were receiving CPR at the time of intubation (details in Table 2 ) before the insertion of the SAD and subsequent intubation. All patients survived. No significant desaturations or bradycardic episodes were reported. Of note, there were no incidences of pneumothorax or airway trauma.
Discussion
In our hands, this appears to be a safe and effective technique for tracheal intubation of critically ill children with an anticipated or unexpected difficult airway. It enables oxygenation and ventilation to be maintained while the larynx is viewed, and intubation can proceed with minimal interruption to this crucial support in critically ill children.
Flexible fibreoptic bronchoscopy via a SAD is well established as a technique to facilitate intubation [9] , and additional tools which can optimise the view now include videolaryngoscopes and modified laryngoscope blades. However, with all of these, oxygenation and ventilation is interrupted while attempts at intubation are made. The AEC has been described as an adjunct for intubation and is marketed for uncomplicated, atraumatic tracheal tube exchange or double-lumen endobronchial tube exchange. In addition, it is recommended for use in the extubation of PICU, paediatric intensive care; CPR, cardiopulmonary resuscitation; VACTERL, vertebral defects, anal atresia, cardiac defects, tracheo-esophageal fistula, renal anomalies, and limb abnormalities; CHARGE, coloboma of the eye, heart defects, atresia of the choanae, retardation of growth and/or development, genital and/or urinary abnormalities, ear abnormalities and deafness. adult patients with a known or anticipated difficult airway [10] . The Bentson Wire Guide was originally designed and marketed for cerebrovascular intervention and is available in a range of diameters and lengths. Following the development of our successful paediatric airway stenting programme, we found that it can be advanced far into the bronchial tree without damaging these structures. Our experience is that this technique is safe: with no reported airway damage or incidences of pneumothorax.
Use of the AEC to assist intubation of paediatric patients has been associated with traumatic events such as barotrauma and air leak in up to 11% of patients [5] . A single-centre cohort study of experience with use of the Cook AEC in 1177 patients reported failed intubation during attempted tracheal tube exchange in 13.8% of cases, pneumothorax in 1.5%, and 75% of these patients had a difficult tracheal tube exchange [4] . By predetermining the length of insertion of the AEC according to the size of the patient, risk of pneumothorax or airway trauma is minimised. This technique is effective when performed by a skilled operator; instrumentaion of the larynx occurs under direct vision and intubation is executed using the Seldinger technique. Because ventilation and oxygenation continue with minimal interruption, the stress and urgency of intubation is reduced.
Several authors have described the use of SADs as an adjunct to intubation in paediatric patients [11] [12] [13] [14] [15] [16] [17] , including in conjuction with AEC (in adults) [18] . However, Brimacombe and Berry (1993) reported high failure rates using this technique, citing rigidity, inadequate curvature and limitations of the blunt ending of the AEC as likely reasons for high rate of oesophageal placement [19] . However, these limitations can be overcome by using a SAD in conjunction with a fibreoptic bronchoscope.
A disadvantage of our technique is the requirement for specialised equipment and an operator skilled in bronchoscopy. A limitation of our data is that we do not routinely record time from recognition of difficult airway in the emergency setting to successful intubation, so we are unable to report on the speed of acquisition of a definitive airway. However, cardiovascular and respiratory parameters are constantly recorded throughout all procedures and there were few episodes of instability indicated by hypoxia or bradycardia. This is more important than crude time-tointubation figures, and as a first report of this method, we hope this will lead to greater comparative analysis with alternative methods.
